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A Phase Insensitive Ultrasonic Receiver
Abstract
Ultrasonic measurements of materials are usually obtained from an electrical conversion of an acoustic signal
by a transducer. ln this paper, a conventional (phase sensitive) transducer and a new phase insensitive
acoustoelectric converter called an AEC are contrasted. In particular, the AEC is shown to exhibit superior
characteristics for many typical experiments and appears to have many applications in the Nondestructive
Evaluation (NOE) area.
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A PHASE INSENSITIVE ULTRASONIC RECEIVER 
Joseph S. Heyman 
NASA Langley Research Center 
laboratory for Ultrasonics 
Hampton, Virginia 23665 
ABSTRACT 
Ultrasonic measurements of materials are usually obtained from an electrical conversion of an 
acoustic signal by a transducer. ln this paper, a conventional (phase sensitive) transducer and a new 
phase insensitive acoustoelectric converter called an AEC are contrasted. In particular, the AEC is 
shown to exhibit superior characteristics for many typical experi~nts and appears to have many 
applications in the Nondestructive Evaluation (NOE) area. 
Introduction 
Transducers that are commonly used in ultra-
sonics are based on piezoelectric or magnetostric-
tive conversion of electrical energy into mechanical 
energy. Major advances in the state of the art 
of transduction have lead to electromagnetic and 
electrostatic devices whfch,although less efficient, 
have many beneficial attributes. One aspect these 
devices have in common is that they are phase sen-
sitive. The significance of phase sensitivity 
is not apparent for laboratory studies on flat, 
parallel and homogeneous saiPles or for transducer 
diameters d < A, the acoustic wavelength. But 
for the case where d > A (megahertz frequencies 
with conventional transducer geome~ries) and the 
"world" of study is not flat or parallel or homo-
geneous (NDE) phase sensitiYity can be a real 
drawback. 
In this paper, the problems of phase sensi-
tivity are discussed and a new phase insensitive 
transducer called an Acoustoelectric Converter (AEC) is described. Data obtained with conv~ntional 
and AEC transducers are contrasted for simple pulse-
echo samples as well as for modified "C" scans of 
phantom flaws in metal as well as composite 
materials. The data indicate superior character-
istics of the AEC for situations of phase complex-
ity commonly found in a NOE environment. 
The Importance of Phase in Ultrasonic Measurements 
Recent papers have indicated the important 
effect phase can have in ultrasonic measurements 
of material properties.l-4 In addition, neasure-
ments of non-parallel samples relate difficulty 
in determining real parameters in complex geome-
tries causing a degradation of pulse echo data5,6 
as well as continuous wave line shapes.7 Phase 
is important for some measurements, especially 
interferometric experiments where the velocity 
or thickness of material is significant and sample 
geometry can be controlled. However, for flaw 
detection in irregular shaped objects (or irre-
gular shaped flaws) one must be careful in data 
interpretation. 
Many NOE ultrasonic meASurements of materials 
are obtained in a test setup such as shown in 
Fig. l. A source of ultrasound is shown generating 
a propagating wave front through a ~terial to 
an ultrasonic detector. Ha.y variations of this 
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geo-etry are possible including focusing, reflec-
tion detectors (using the source as the detector) 
and a complex combination of signal processing 
fro. simple gating and filtering to advanced com-
puter analysis. But all techniques require a 
conYersion from acoustic energy to 1n electrical 
signal. Figure 1 shows an idealized phase 
shifted wave emerging from the sample and results 
in • null signal out of a piezoelectric trans-
ducer. The incident energy to the detector is 
not zero - but the superposition of phases 
causes a zero output. 
This problem is more clearly shown in the 
sequence of Figs. 2-4. Figure 2 sbows two 
acoustic waves incident on a piezoelectric 
detector. The electrical output is the super-
position of two waves. Since the ~ves are in 
phase, the resulting output is large. Figure 3, 
on the other hand, shows two waves entering out of 
phase so that the resulting output 1s decreased 
by the superposition. Two waves of slightly dif-
ferent frequency are shown in Fig. 4 with the 
resulting electrical signal severely modulated. 
The apparent effect of phase sensitivity 1s to 
produce a complex signal which may be difficult 
to Interpret. 
On the other hand, Fig. 5 shows the output 
of 1n ideal power detector to the three cases of 
in phase, out of phase, and frequency shifted 
incident acoustic waves. Since the power is equal 
in each case, the detector output is invariant. 
Thus, such a detector would result in an easily 
interpreted signal leading to higher resolution 
measurements of a material's attenuation. 
Theory 
A detailed account of the AEC has been sub-
mitted to JASA.8 Therefore, only 1 brief review 
of the device will be presented hene. 
There are two mechanisms whic• determine the 
operation of the AEC. The first is ~elated to 
theory developed by Hutson and White to explain 
phOROn-charge carrier coupling in piezoelectric 
semiconductors. Theory shows that the acoustic 
absorption a at a frequency w due to free charge 
carriers in a material of conducthity a can be 
expressed as: 
0 " 0 
where D is a material constant, w = a/t (t is 
the material permativfty'). There1ore, acoustic 
energy is lost to the charge carriers. 
The second mechanism is related to the 
WeinreichlO relation which may be expressed as: 
(1) 
(2) 
where ~ is acoustic flux, v is the acoustic velocity 
and ~ the mobility. This relationship predicts an 
electric field Eae to accompany any nechanism 
which absorbs acoustic energy via free charge 
carriers. The electric field integrated through 
the AEC is the output of the device. 
The fitst use of the acoustoelectric effect 
as a phase insensitive device is reported in 
Reference 11 by Southgate. Current MOrk on the 
device at NASA Langley Research Center is focused 
on HOE while work at Washington University 
(J. G. Miller) is focused on medical applications. 
AEC Characteristics 
The directivity (measured with incident 
"plane" waves) of an AEC is related to its phase 
insensitivity and, therefore. is a good "yardsti ck" 
for comparison with conventional transducers. 
Therefore, an AEC was fabricated and compared to a 
piezoelectric transducer in a variable geometry 
water cell shown in Fig. 6. A conventional phase 
sensitive transducer was used to generate acoustic 
pulses as well as to receive the acoustic pulses 
after they reflected off the AEC face. A laser 
was used to measure the small angle through which 
the system rotated. The data obtained from these 
measurements is shown in Fig. 7. Since the phose 
sensitive device was used in reflection mode and, 
therefore, had energy incident at twice the 
rotated angle, the two transmission curves are the 
ones to be compared. The structure in the con-
ventional transducer directi vity curre is a result 
of phase modulation. 
Another way of looking at the directivity 
using the water cell of Fig. 6 Is to observe a 
pulse echo decay as a function of angle. This is 
shown in Fig. 8 for angles 0 degrees through 7 
degrees. In each case, the upper tr•ce is the 
AEC compared to a fixed electronically-generated 
expoenential while the lower trace is a conven-
tional transducer compared to a fixed electroni-
cally-generated exponential. Note how rapidly the 
phase sensitive detector signal degrides with 
increasing nonparallellsm while the AEC signal 
remains relatively constant. At 0.3 degrees the 
signal from the conventional device is almost 
50 percent down from the parallel condition. No 
notcieable change is apparent at that angle for 
the AEC. 
The last of the pulse echo pictures repre-
sents a nonparallelism of 7 degrees. The AEC 
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response has dropped by about so percent. The 
piezoelectric detector response shows a larger 
second echo than the first due to phase 
superposition. 
AEC Application 
A scanning ultrasonic arrangement similar to 
the one shown in Fig. 1 was used to compare an 
AEC receiver to a conventional damped transducer 
receiver. Several test plates were examined con .. 
taining phant01 flaws. In each case identical 
conditions were set up with the exception of the 
receiver used. 
The first item scanned is shown in Fig. 9 and 
is a resolution test plate for ultrasonics. It 
contains flat-bottOmed grooves and holes of 
~arious d~pths with the smallest ho~e being 1/64th-
lnch in d1ameter. Figure 10 is a transmission 
ultrasonic scan with both traces obtained from a 
conventional highly damped piezoelectric trans-
ducer. The upper trace ued a "long" pulse echo 
excitation technique (narrow bandwidth) while 
the lower trace used a "short" pulse echo excita-
tion technique (broadband). Both traces show the 
large grooves but the small holes are almost 
~bscured. Figure 11 is identical to the top trace 
1n Fig. 10 ("long" pulse echo excitation) but 
obtained with the AEC. Plate resonances are 
observable in two of the grooves whose thick-
nesses equalled an integer times A/2. The small 
holes are clearly visible with a "clean" back-
ground and a superior image. 
Figure 12 is a photograph of an angled slot 
resolution plate with three groups of four 
milled slots. The milling widths are 1/4 inch 
1/8 inch, and 1/16 Inch. From the top of the ' 
plate down, the milling angles correspond to a 
depth difference along the slot of 2A, A, o and 
A/2 , respectively. Therefore, the top slot should 
contain four regions of resonance the second two 
the third none, and the last, one: As before, ' 
Fig. 13 was obtained with a conventional trans-
ducer. Although the slots are visible and reson-
ances apparent, the compl ex structure is obscured. 
However, replacing the receiver with an AEC pro-
duced the picture shown in Fig. 14 which is 
quite clear shows a smooth entrance into the slots 
and clearly shows resonance conditions. The 
background signal is free of noise compared to 
the conventional transducer f igure . 
The last sample examined shown in Fig. 15 is 
an epoxy-graphite composite , a small region of 
which is internally bonded to a 0.002-inch thick 
M,ylar film. The film acts as a "non-bond" region 
and shows up clearly in the ultrasounic pictures. 
Figure 16 shows the conventional transducer image 
of the composite structure. The background 
variation indicates considerable structure which 
most l ikely is caused by phase modulation. Actual 
variations in material properties leading to 
changes in attenuation are difficult to interpret. 
However, the composite plate as viewed by the 
AEC shown 1 n Fig. 17 Is more uniform. Recalling 
the directivity plot, the AEC is a "better" 
picture of the variability of the material. Since 
the AEC can be calibrated directly for attenuation, 
absolute measurements are possible thereby 
indicating more reliable information about the 
composite structure. 
Conclusions 
Although phase information can play an 
important role in some ultrasonic measurements, 
there are many situations where the phase super-
position with amplitude superposition lead to data 
misinterpretation. The reason for this deficiency 
is the phase sensitive nature of conventional 
transducers. When the transducer diameter is 
larger than the acoustic wavelength, phase modu-
lation can dominate the signal. 
A new type of transducer has been developed 
which we call an Acoustoelectric Converter (AEC) 
and appears to have application to NDE. Si nce 
the AEC is almost a power detector, it is nearly 
phase insensitive with an output comparable to 
the sum of the "squares" of a conventional micro-
array. This provides a resolution enhancement, 
a high power enhancement and a low power loss. 
The net result of the AEC is to lOW down the 
"grass" associated with conventional transducers 
with a on-parameter (attenuation) measurement. 
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Figure 1. 
MATERIAL TO 
liE TESTED 
Typical arrangement for transmission 
ultrasonic imaging showing phase 
shifted plane waves exiting from the 
tested material. 
OUT OF PHASE 
PIEZOELECTRIC 
DETECTOR 
Figure 3. Two out-of-phase acoustic waves produce 
a reduced electrical output. 
Figure 5. 
POWER DETE<TOR 
For cases of in-phase, out-of-phase, 
and frequency shift, the AEC (power 
detector) output is a constant since 
the incident power is constant. 
IN PHASE 
PIEZOELECTRIC 
DETECTOR 
Figure 2. Two In-phase acoustic waves indident 
from the left on a conventional piezo-
electric detector resulting in a large 
electrical output shown on the rlaht. 
FREGIUENCY SHIFT 
PIEZOELECTR IC 
DETECTOR 
Figure 4. Two freque.cy shifted acoustic waves 
produce a severely phase modulated 
electrical output. 
Figure 6. 
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Block diagram showing variable geometry 
water cell. 
Figure 7. Directivity data of the AEC contrasted 
with that of conventional ohase sensi-
tive transducers. Both data were 
obtained in the water cell shown in 
Fig. 6. 
Figure 9. Resolution test plate containing flat-
bottom grooves and holes, the smallest 
of which is l/64-inch in diameter. 
Figure 11. Same as Fig. lO(a), but using an AEC 
for the detector. The smallest holes 
are clearly visible as are plate 
resonances in t 'he grooves. 
Figure 8. 
(a) 
(b) 
oo cwas oo emus 
0) CW'aS • 
Pulse-echo data 
obtained in the water 
cell with an9le varvinq 
from 0.0 degrees to 7 
degrees. The upper ~ 
traces are fro~ the AEC 
(power signal ) while the 
lower traces are from 
the conventional piezo-
electric detec tor (pressure 
02 OEGRUS 
signal). 
Figure 10. Transmission scanned ultrasonic picture 
of the plate shown in Fig. 9 using a 
conventiona 1 phase sens Hive transducer. 
The upper figure (a) is long pulse echo 
exci tation (narrow bandwidth) while the 
lower trace (b) is short pul se echo 
excitation (broad bandl. 
Figure 12. Angle resolution test plate (see text). 
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 Figure 13. Conventional transducer scanned image 
of the plate shown in Fig. 12. 
r , 
... 
< • 
figure 15. Photograph of an epoxy-graphite COIJr 
posite with a built-in regional 
"non-bond" . 
Figure 14. AEC scanned image of the plate shown 
in Fig. 12. The magnified region shows 
the small grooves which are on the left 
of both Figs. 13 and 14. 
Figure 16. Conventional transducer scanned image 
of the plate in Fig. 15. 
Figure 17. AEC scanned image of the plate in Fig. 15. 
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